Numerical Analysis of Thermal and Moisture Bridges in Insulation Filled Masonry Walls and Corner Joints by Nagy, Balázs & Stocker, György
446|https://doi.org/10.3311/PPci.13593Creative Commons Attribution b
Periodica Polytechnica Civil Engineering, 63(2), pp. 446–455, 2019 
Cite this article as: Nagy, B., Stocker, Gy. “Numerical Analysis of Thermal and Moisture Bridges in Insulation Filled Masonry Walls and Corner Joints”, 
Periodica Polytechnica Civil Engineering, 63(2), pp. 446–455, 2019. https://doi.org/10.3311/PPci.13593
Numerical Analysis of Thermal and Moisture Bridges in 
Insulation Filled Masonry Walls and Corner Joints
Balázs Nagy1*, György Stocker1
1 Department of Construction Materials and Technologies, 
 Faculty of Civil Engineering, 
 Budapest University of Technology and Economics
	 H-1111	Budapest,	Műegyetem	rkp.	3.	K.I.85,	Hungary
* Corresponding author, e-mail: nagy.balazs@epito.bme.hu
Received:	13	December	2018,	Accepted:	14	February	2019,	Published	online:	03	April	2019
Abstract
In	recent	years,	thermal	insulation	filled	masonry	blocks	have	become	widespread	in	Central-Europe.	These	blocks	can	satisfy	thermal	
performance	requirements	without	the	need	of	additional	insulation.	However,	these	requirements	in	the	building	regulations	only	
consider thermal, but neglect moisture aspects. This paper presents a comparative analysis of steady-state numerical conjugated 
heat-	and	moisture	transport	FEM	simulations	of	masonry	walls.	The	hygrothermal	material	properties	of	the	insulation	filled	masonry	
blocks	were	measured	in	laboratory.	In	the	paper,	besides	a	wall	section,	a	wall	corner	joint	is	presented,	both	modeled	in	2D	from	
complex	building	elements,	such	as	insulation	filled	blocks,	and	were	tested	using	different	fillers	(aerogel,	expanded	perlite,	expanded	
polystyrene,	mineral	wool	and	PUR	foam),	respectively.	Monthly	variation	of	the	fillers’	thermal	conductivity,	thermal	and	moisture	
transmittance	and	effective	water	vapor	diffusion	resistance	of	 the	walls,	as	well	as	 linear	thermal	and	moisture	transmittance	of	
the	wall	corner	joints	were	examined	in	details.	A	comparison	between	detailed	and	simplified	modeling	were	also	carried	out.	The	
evaluation	of	the	results	shows	that	there	are	noticeable	differences	in	trends	between	thermal	and	moisture	transmittances,	latter	
show	significantly	greater	variation	and	depends	mainly	on	the	hygrothermal	behavior	of	the	filler.	Based	on	effective	water	vapor	
resistance	factors,	we	showed	that	assuming	the	same	vapor	transmission	properties	for	all	type	of	filled	masonry	blocks	is	a	mistake.
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1 Introduction
Due to building energy performance requirements [1] 
building constructions developed significantly in the past 
few years. Material producers started to develop new prod-
ucts to prepare for even stricter requirements in the near 
future [2], when nearly-zero energy buildings (NZEB) will 
be mandatory to be built. To achieve significant reduction in 
the heat loss of buildings, demand has increased for thermal 
insulation layers and the development of new building tech-
nology solutions in particular. Masonry producers created 
thermal insulation filled blocks, shown by Fig. 1, to achieve 
low thermal transmittance without the need for applying 
additional insulation. In recent years, researchers inves-
tigated the thermal behavior of differently shaped filled 
masonry blocks with perlite [3–5], phase change materials 
[6], mineral wool and polyurethane [7], expanded polysty-
rene [8, 9], aerogel [10] and their comparisons [11–13]. 
In this research, walls and wall corner joints made out 
of masonry blocks filled with 5 different thermal insulation 
fillers were examined using numerical modeling supported 
by laboratory measurement of the material properties. The 
main goal was to compare different steady-state numerical 
simulation approaches in terms of the filled masonry blocks, 
and answer how surface temperatures, thermal and mois-
ture transmittances, linear thermal and moisture transmit-
tances and thermal conductivity of filler materials change, 
if we consider hygrothermal (conjugated heat and moisture 
transport, HAM) aspects too. Effective water vapor diffu-
sion resistance factors of the wall constructions were also 
determined and compared.  Although steady-state numerical 
simulations neglect the effects of heat and moisture capac-
ity and cannot take dynamic climatic data into account, 
but they are widely used in building energy calculations 
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(e.g. energy performance certification) to obtain thermal 
transmittances, or to evaluate and design the reduction of 
the effect of thermal bridges in building constructions.
2 Materials
2.1 Geometry of the thermal insulation filled blocks
Scaled 2D geometry models of the evaluated building 
constructions are shown in Fig. 2. The multidimensional 
geometry models were constructed according to the tech-
nical guidance of the industry leading masonry block pro-
ducer in Hungary [14]. As observable in Fig. 2, horizontal 
section of a masonry wall was modelled. 
The wall constructions modeled is comprised of 
24.9 cm × 24.8 cm × 44 cm thermal insulation filled masonry 
blocks. In the model, one full size block is accompanied 
with two half blocks on either side for better numerical 
results. The internal structures of the blocks were modeled 
according to the most common design of such blocks. The 
horizontal dryfix layer between the blocks was not taken 
into consideration in the 2D model, while vertical joints 
were connected to each other with tongue and groove con-
nection. 1.5 cm thick gypsum plaster was applied to the 
internal and 2 cm thick layer of insulating plaster was on 
the external surface. In the corner detail presented in Fig. 3, 
the corner element is constructed by using a 2/3 and a 1/2 
cut masonry block mortared together.
2.2 Material properties
In the numerical simulations, the hollow masonry blocks 
were filled with 5 different thermal insulations: aerogel 
blanket (AG), polyurethane foam (PUR), mineral wool 
(MW), expanded polystyrene (EPS) and expanded perlite 
(EXP). The basic material properties of the thermal insu-
lations, as well as of those of fired clay (FC), internal plas-
ter (IP) and external plaster (EP) are listed in Table 1, and 
were measured in laboratory. The thermal conductivity is 
measured according to MSZ EN 12667 [15] and determined 
using λ10,dry [W/(m·K)] with the addition of the fT tempera-
ture and f
ψ
 moisture dependent conversion factors from 
MSZ EN ISO 10456 [16]. Water vapor resistance factors 
are measured according to MSZ EN ISO 12572 [17] for 
Fig. 1 Mineral wool filled masonry blocks
Fig. 2 Model of thermal insulation filled masonry wall
Fig. 3 Model of masonry wall corner joint
dry and wet conditions: μdry/wet [1]. The hygroscopic sorption 
isotherms were measured according to MSZ EN ISO 12571 
[18] using salt solutions, and the moisture storage curves are 
presented in Fig. 4 and Fig. 5. It is observable that aerogel 
blanket and expanded polystyrene are the most hygroscopic 
materials from the thermal insulation fillers, while mineral 
wool and expanded perlite does not take up much moisture 
Table 1 Measured hygrothermal material properties
Material AG PUR MW EPS EXP FC IP EP
Thermal conductivity, λ10,dry [W/(m·K)] 0.012 0.024 0.031 0.037 0.05 0.35 0.4 0.09
Temperature conversion factor, fT [1/K] 0.0015 0.0055 0.0045 0.0035 0.0035 0.001 0.001 0.001
Moisture conversion factor, f
ψ
 [m3/m3] 3 6 4 4 3 10 3 8
Water vapor resistance factor, μdry/wet [1] 4.5 80/70 1.3 70/30 2 15/10 8.1 8.3
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Fig. 4 Moisture storage curves of thermal insulation materials, left: 
PUR, MW and EXP, right: AG and EPS
Fig. 5 Moisture storage curves of fired clay, internal and external 
plaster
when stored under 90 % relative humidity. The plasters and
fired clay are visualized in different graphs because of their 
significantly higher moisture storage capacity comparing to 
the thermal insulations.
The measured material properties were compared to 
similar materials from the WUFI database [19], the differ-
ences and trends of the hygrothermal material properties 
were not prominent, therefore we considered the measure-
ments to be valid.
3 Methods
3.1 Conjugated heat and moisture transport
In the research, monthly based steady-state conjugated heat 
and moisture transfer (HAM) simulations were carried out 
based on [20–23]. The partial differential equation (PDE) 
of steady-state heat transfer is shown in Eq. (1), in which 
the first member represents heat fluxes from heat conduc-
tion and the second part shows heat fluxes from evaporation 
fluxes. In Eq. (1), Ñ is nabla vectorial differential operator, 
q is heat flux [W/m2], λeff = λ10,dry . e T C e u
f fT
2 2
10− °( ) ⋅ ( )ψ  
is the temperature and volumetric moisture content depen-
dent effective thermal conductivity [W/(m·K)], T is tempe- 
rature [K], Lv is latent heat of evaporation of water [J/kg], 
δp = δa/μ is vapor permeability [kg/(m·s·Pa)], in which δa is 
the vapor permeability of still air depending on air tem-
perature and μ is the vapor resistance factor [1], φ is rela-
tive humidity [1] and psat is the saturation pressure of water 
vapor [Pa], depending on the temperature:
Ñq = Ñ[λeffÑT + LvδpÑ(φpsat(T))] = 0. (1)
The PDE of steady-state moisture transfer is defined in 
Eq. (2), in which the first member of the equation represents 
the liquid transport of the moisture fluxes, while the second 
is responsible for moisture fluxes from vapor transport:
Ñg = Ñ[ξDwÑφ + δpÑ(φpsat(T))] = 0. (2)
In Eq. (2), g is moisture flux [kg/(m2·s)], ξ is differential 
moisture capacity [kg/m3] according to the hygroscopic sorp-
tion isotherms of the materials and Dw liquid transport coef-
ficient [m2/s]. Steady-state simulation was chosen instead of 
performing time dependent hourly based simulations, since 
the main objective of the research was to compare thermal 
and moisture transmittances and linear thermal- and mois-
ture transmittances of the building constructions considering 
monthly design conditions to each other, and also to evalu-
ate the effect of neglecting the moisture transfer. For eval-
uating linear thermal transmittances of building construc-
tion, usually thermal only approach is considered nowadays 
[24, 25], however adding moisture transport will increase the 
heat losses of components. The partial differential equations 
shown in Eq. (1) and (2) were implemented in COMSOL 
Multiphysics FEM software [26], where parametric sweep 
was used for the monthly different boundary conditions and 
material sweep to study the different insulation fillers.
3.2 Boundary conditions
Due to chosen monthly method, only temperature and rel-
ative humidity were taken into account as the basis of the 
boundary conditions. Monthly averaged external data sets 
of Budapest were obtained from Meteonorm 7 [27] and 
shown in Table 2. Since there is no 80 % or higher exter-
nal relative humidity in the average monthly values, liquid 
transport was neglected (Dw = 0).
Table 2 Monthly average temperature and relative humidity data of Budapest, Hungary  
Month I. II. III. IV. V. VI. VII. VIII. IX. X. XI. XII.
External temperature [°C] 0.9 2.8 7.0 13.3 18.4 21.4 23.1 22.8 17.4 12.5 7.2 1.7
External relative humidity [1] 0.73 0.68 0.61 0.52 0.53 0.54 0.54 0.54 0.62 0.69 0.73 0.74
Internal temperature [°C] 20.0 20.0 20.0 21.7 24.2 25.0 25.0 25.0 23.7 21.3 20.0 20.0
Internal relative humidity [1] 0.41 0.43 0.47 0.53 0.58 0.60 0.60 0.60 0.57 0.53 0.47 0.42
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Internal conditions of air, and equivalent vapour diffu-
sion thicknesses of the boundary layers were set according 
to MSZ EN 15026 [23] for normal occupancy. Surface heat 
transfer coefficients were set based on MSZ EN ISO 6946 
[28]. The heat transfer coefficient were hsi = 7.69 W/(m
2·K) 
for internal and hse = 25 W/(m2·K) for external surfaces, the 
equivalent vapor diffusion thickness of boundary layer was 
set to sd,si = 0.008 m on the internal and sd,se = 0.0023 m 
on the external surface. In cases, where average tempera-
ture and wind speed dependent boundary conditions were 
used to compare its effects on the heat and moisture fluxes, 
the heat fluxes on internal surfaces are represented in Eq. 
(3) and on external surfaces in Eq. (4), while the moisture 
fluxes on internal surfaces are shown by Eq. (5), and on 
external surfaces by Eq. (6):
–n ∙ q = dz(hci + ε ∙ 4 ∙ σ ∙ Tm3,i), (3)
–n ∙ q = dz(hce + ε ∙ 4 ∙ σ ∙ Tm3,e), (4)
–n ∙ g = dz[βi(φi ∙ psat(Ti) – φsi ∙ psat(Tsi))], (5)
–n ∙ g = dz[βe(φe ∙ psat(Te) – φsi ∙ psat(Tse))]. (6)
In Eq. (3), dz represents the height of the examined build-
ing element (1 m), hci is the internal convective surface 
heat transfer coefficient (2.5 W/(m2·K)), ε is the longwave 
emissivity of the surface (0.9), σ is the Stefan-Boltzmann 
constant (5.67·10–8 W/(m2·K4)) and Tmi is the mean ther-
modynamic temperature of the internal surface and its sur-
roundings in Kelvin. In Eq. (4), hce = 4 + 4 ∙ v, where v is 
the wind speed in [m/s] and Tme is the mean thermodynamic 
temperature of the external surface and its surroundings in 
[K]. In Eq. (5), βi = δa/Sd,si is the moisture transfer coeffi-
cient on the surfaces in [kg/(m2·s·Pa)], φi, φsi and Ti, Tsi are 
the internal air and surface relative humidity [1] and inter-
nal air and surface temperatures [K]. In Eq. (6), βi = δa/Sd,se, 
where Sd,se = 1/(67 + 90 ∙ v) [m] and φe, φse and Te, Tse are the 
external air and surface relative humidity [1] and external 
air and surface temperatures [K].
3.3 Linear thermal and moisture transmittances
Thermal transmittance (U value [W/(m2·K)]) shows how 
much heat (Joules of energy within 1 second, Q [W = J/s]) 
could flow through an A = 1 m2 of internal surface of the 
building element in case of ΔT = 1 K temperature difference 
as defined in Eq. (7):
U = Q/(A ∙ ΔT). (7)
The additional heat loss due to thermal bridges of build-
ing structures are characterized by calculating a linear 
thermal transmittance (ψ value [W/(m·K)]), which shows 
how much heat could flow additionally due to multidimen-
sional heat flow comparing to surface thermal transmit-
tance. Based on the MSZ EN ISO 10211 [29], ψ value can 
be calculated from the thermal coupling coefficient L2D 
[W/(m·K)] of the building element separating two spaces 
(e.g. internal and external space),the Ui thermal transmit-
tance and the li internal length of the joining building ele-
ments according to the Eq. (8):
ψ = L2D – ΣjUj ∙ lj . (8)
The thermal coupling coefficient in Eq. (8) can be defined 
as the ratio of the internal surface heat flow (Q [W]) and 
the temperature difference multiplied by the internal length, 
presented in Eq. (9):
L2D = Q/(l ∙ ΔT). (9)
To characterize the moisture behavior of a building ele-
ment, we can introduce and define the M [kg/(m2·s·Pa)] 
moisture transmittance value. M value can be calculated 
according to Eq. (10), as the ratio of G [kg/s] internal sur-
face moisture flow through 1 m2 of internal surface of the 
building element at Δp water vapor pressure difference:
M = G/(A ∙ Δp). (10)
If a building element can be simplified to one layer 
and considered homogeneous, and if it does not consist 
of any capillary active material, then moisture transmit-
tance, presented in Eq. (10) is equal to the vapor permea-
bility multiplied by 1 m length. From this, effective water 
vapor diffusion resistance factor can be easily defined, as 
dividing vapor permeability of air by the building element 
specific value. Calculation of the moisture transmittance 
of complex, inhomogeneous building elements could only 
have carried out effectively by using HAM simulation. For 
characterization of moisture bridges, introduction of the 
linear moisture transmittance is necessary, which is des-
ignated as Greek letter , and can be determined in a sim-
ilar way to the linear thermal transmittance, see Eq. (11). 
v value [kg/(m·s·Pa)] shows how many kilograms of addi-
tional moisture can flow through one running meter of a 
construction joint within a second comparing to the mois-
ture transmittance of the connecting building elements 
measured at the internal length: 
v = G/(l ∙ Δp) – Σj Mj ∙ lj . (11)
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Based on Eq. (10) and Eq. (11), it can be seen that for 
the calculation of the moisture transmittances, G mois-
ture flow on the internal surface of the building structure, 
caused by the Δp water vapor pressure difference, has to 
be determined. The water vapor pressure difference can 
be calculated by using Eq. (12) from the T air temperature 
[K] and φ relative humidity of the separated spaces (e.g. 
internal and external space): 
Δp = φi ∙ psat(Ti ) – φe ∙ psat(Te ). (12)
Water vapor pressure of saturated air can be obtained 
by using MSZ EN ISO 13788 [30]. During the investiga-
tion, the effects of solar radiation and driving rain were 
neglected, because these are highly dynamic parameters 
and monthly averages do not express their behavior. 
4 Results and discussion
4.1 Simplified and detailed geometry modelling
Usually, masonry constructions in energy performance cal-
culations are considered as a simplified, single and homo-
geneous layer. Technical datasheets of masonry blocks 
give only effective thermal conductivity and an approxi-
mated water vapor diffusion resistance factor for the wall. 
The latter one is usually μdry/wet = 10/5 from MSZ EN 1745 
[31] standard for any fired clay masonry product.
Datasheets do not give any additional and/or detailed 
information, such as the temperature or moisture conver-
sion coefficients, sorption isotherm, or liquid transport 
coefficient, that are necessary to perform a conjugated heat 
and moisture transport simulations. The problems with 
all of these simplification are indicated in Fig. 6. Average 
results are similar to the simplified models, but local min-
imums and maximums differ, and there is great difference 
of the distribution of heat and moisture fluxes within the 
model. Using simplified models can hide design problems.
4.2 Monthly variation of the thermal conductivity of 
insulating materials in wall sections
Effective thermal conductivity of every domain and mate-
rial were retrieved from each numerical simulation. The 
most interesting results among them were for the insu-
lation fillers. The monthly value of the effective thermal 
conductivity heavily depends on the hygrothermal prop-
erties of the filler material as shown by Fig 7. and Fig. 8. 
In the figures, the behavior of mineral wool (MW) and 
expanded polystyrene (EPS) fillers are shown.
Increasing temperature and relative humidity increase 
the λeff of the materials, but the rate of increase is different 
depending on the material. In Fig. 7, it is clearly visible, 
that the outermost layer of the MW filler performs the best
Fig. 6 Differences in heat and moisture flux between simplified and detailed geometry modelling of a wall corner in January
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Fig. 7 Effective thermal conductivity of MW fillers in walls
Fig. 8 Effective thermal conductivity of EPS fillers in walls
Table 3 Increase of average λeff of the insulation fillers in the masonry 
blocks compared to their λ10,dry values
Filler material AG PUR MW EPS EXP
Heating season [%] 10.99 10.60 1.50 18.53 1.12
Summer [%] 12.64 118.19 6.92 23.06 5.29
Yearly average [%] 11.76 14.04 3.94 20.63 2.99
and the innermost layer has the highest thermal conduc-
tivity during the year, since MW does not take up much 
moisture due to its hydrophobic nature. However, in Fig. 9. 
it is visible, that e.g. in January, the relative humidity in 
the outermost layer of the insulation can exceed the rel-
ative humidity of external air (0.73), because fired clay 
layer blocks the moisture flow, which increases the relative 
humidity in the MW. On one hand, this moisture block can 
result in moisture damages in the external one-third of the 
blocks and should be analyzed in details by using dynamic 
simulations in a next research. On the other hand, while 
the relative humidity is high, the moisture storage capacity 
of the MW is low, therefore its moisture content remains 
low and the moisture transfer does not affect greatly the 
thermal conductivity. In contrast, temperature distribution 
in the section shows, that there are lower temperature val-
ues in the external region, therefore thermal conductivity 
of MW closer to the external side is lower. EXP shows the 
same trend as MW (Table 3). PUR behaves similarly to the 
above-mentioned fillers, the increase of its λeff is greater 
due to is higher moisture capacity. Analyzing the results 
of EPS, we see that outermost layer has higher λeff from 
September till March. This can be explained by the fact, 
that EPS is more sensitive to high relative humidity, that 
occurs in the external side of the blocks. AG showed the 
same trends on the monthly values as EPS. Differences for 
the heating season (November to March), summer (June 
to August) and yearly averages are summarized in Table 
3. Increased λeff leads to increased thermal transmittance, 
which results in more heat losses in the heating season.
4.3 Thermal and moisture bridges
Heat and moisture fluxes of MW and EPS filled masonry 
wall corners are presented in Fig. 10. Heat flux magnitudes 
are higher in the fired clay internal structures parallel to 
heat flow direction in both cases, while the increase of 
moisture flux magnitude depends heavily on the moisture 
transfer properties of the filler. In the case of EPS filler, the 
maximum values of the moisture flux are observable in the 
fired clay internal structures and in the tongue and groove 
connections, while in the case of MW filler, the moisture 
easily flows through the filler, therefore higher fluxes are 
visible in the filler and in the internal corner. In multidi-
mensional problems, heat and moisture flows always find 
the shortest possible way through materials with lower 
thermal or moisture resistance and cause thermal or mois-
ture bridges within the building constructions.
4.4 Thermal transmittance of walls and wall corners
Fig. 11. shows the average U values of walls and ψ val-
ues of the wall corner joints in case of different fillers are 
shown by Fig. 12. It is clearly visible that U value of walls 
increase in summer months due to the rising temperature.
In summer there are also lower temperature differences 
between internal and external spaces. The U values show 
great differences depending on the insulation filler. Walls 
made of EXP filled masonry blocks have 57 % higher 
thermal transmittance in January compared to AG filler. 
In summer, the difference between MW and EPS filled 
blocks reduces. Linear thermal transmittance shows the 
additional heat loss occurs in the wall corner comparing 
to the adjoining walls. ψ values show only slight differ-
ences, each month the results do not differ more than 0.02 
W/(m·K), the highest difference occurs between AG and 
EXP filled blocks it is 18.8 %. 
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Fig. 9 Temperature and relative humidity distribution in walls made out of MW7 and EPS filled masonry blocks in January
Fig. 10 Heat and moisture flux distribution in wall corner joints made of MW and EPS filled masonry blocks in January
Nagy and Stocker
Period. Polytech. Civ. Eng., 63(2), pp. 446–455, 2019|453
Fig. 11 Monthly thermal transmittance of walls
Fig. 12 Monthly linear thermal transmittance of wall corners
Fig. 13 Heating season averaged U values of thermal, HAM w/o evp, 
HAM and HAM w/vbc simulations
Fig. 14 Monthly moisture transmittance of walls
Additionally, besides the HAM simulations, three differ-
ent set of simulations were performed with different settings. 
The first case was a thermal simulation (Thermal), where 
only heat transfer was considered with temperature depen-
dent thermal conductivities. In the second case, we neglected 
the heat fluxes coming from evaporation fluxes (HAM w/o 
evp) and in the third case, temperature, relative humidity and 
wind-dependent, monthly variable boundary conditions were 
used according to Eq. (3–6) instead of simplified boundary 
conditions (HAM w/vbc). It is observable in Fig. 13, which 
presents averaged values over the heating season, that there is 
significant, 3.9 % to 8.7 % negative difference between ther-
mal and hygrothermal simulations, which means that consid-
ering only thermal approach is underestimating the thermal 
transmittance of the building constructions. However, there 
are only slight differences visible if evaporation fluxes are 
neglected, and using variable boundary conditions in the heat-
ing season do not show any differences in the U value results.
4.5 Moisture transmittance of walls and wall corners
Monthly variation of the moisture transmittances is shown 
by Fig. 14. It is visible that M values show greater variation 
and differences than U values, and the order from lower to 
higher transmittances by filler materials changed. 
The values occurring in case of filler materials with 
low water vapor resistance factor (e.g. AG, MW and EXP) 
are considerably higher than the ones with high resistance 
against vapor (PUR and EPS). Walls constructed out of 
MW filled masonry blocks let 5.6 times more moisture 
through, than PUR filled bricks in January, and 4.5 times 
more in July. The performance trend of the masonry walls 
in terms of moisture transmittance shows inverse relation-
ship with the water vapor resistance factors of the filler 
materials; the filler material is substantially more domi-
nant, than the fired clay of the construction. 
After calculating the effective water vapor resistance 
factor of the walls shown in Fig. 15, it is visible that in 
cases of PUR and EPS fillers, μeff are significantly higher 
in the heating season compared to other, moisture perme-
able fillers. We can conclude that in case of thermal insu-
lation filled masonry blocks, if the vapor permeability of 
the filler material is higher than the fired clay shell (i.e. 
AG, MW and EXP), then using the values of fired clay 
could be acceptable. However, if the permeability of the
filler is lower, therefore resistance is higher (i.e. PUR and 
EPS), using the values of fired clay (10/5) as substitution 
according to the standard [31] leads to miscalculations in 
the heating season and this practice should be avoided. 
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Fig. 15 Monthly linear moisture transmittance of wall corners
Fig. 16 Monthly effective water vapor diffusion resistance factor of 
walls
Evaluating the linear moisture transmittances shown 
in Fig. 16. the trend of the filled masonry walls remained 
the same. The differences between the fillers only slightly 
reduced, there is 5.2 times difference in January between 
the v values of PUR and MW filled constructions, and 
there is 3.5 times difference in July.
5 Conclusions
In this paper, the effects of thermal and moisture bridges 
of walls and wall corners made of 5 different thermal insu-
lation filled masonry blocks were analyzed by 2D steady-
state numerical modelling. We showed, that in case of the 
examined structures, heat and moisture fluxes should be 
analyzed with the detailed geometry of blocks within the 
walls and wall corner joints. 
We evaluated the monthly variation of the thermal con-
ductivity of insulation fillers within the masonry blocks, 
and found two groups of differently behaving fillers. PUR, 
MW and EXP showed similar trends, and AG and EPS 
also behaved similarly in the examined months. These 
trends show good agreement with the moisture storage 
curves of the materials. In case of lower moisture capac-
ity, the μeff of the outermost layer of filler insulation, has 
smaller increase in the heating season. 
Thermal and moisture bridges of the constructions were 
also evaluated, and we observed greater differences in the 
moisture transmittances of the structures than in the ther-
mal transmittances. Thermal transmittances of walls con-
structed of 44 cm thick insulation filled masonry blocks 
obtained by steady-state conjugated heat and moisture 
transport modelling varied between 0.14 W/(m2·K) and 
0.23 W/(m2·K) in the heating season, depending mostly on 
the filler hygrothermal properties.
In this paper, we introduced the linear moisture transmit-
tance which could be a good parameter to help designers 
plan appropriate constructions not only according to thermal 
aspects, but also considering the effect of moisture transport. 
Using the moisture transmittance, we showed that there are 
significant differences between walls and wall corner joints 
depending on the insulation filler, and moisture transmit-
tance show greater variation than thermal transmittance. We 
also concluded that the effective water vapor diffusion resis-
tance factors of the walls are significantly different, when the 
filler material has higher water vapor resistance factor than 
the fired clay shell (i.e. PUR and EPS). Therefore, assuming 
the same vapor transmission properties for all type of filled 
masonry blocks is a mistake commonly made by masonry 
manufacturers in technical datasheets.
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